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Abstract. WePresenasearcHor theproductionof excited or exotic muons(u*) viathereactionp+ p — u* + 4 — uy+u
using371pb~* of datacollectedwith the Runll CDF detector In this signature-basedearchwe look for a resonancen
the uy massspectrumThe dataarecomparedo standardnodelanddetectotbackgroundxpectationsandwith predictions
of excited muonproduction.We usethesecomparisongo setlimits on the u* massandcompositenesscaleA in contact
interactionandgauge-mediatethodels.
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INTRODUCTION

In the standardnodel (SM), quarksandleptonsare consideredundamentaparticles.An indicationthat quarksand

leptonsare compositeparticleswould be the obsenation of their excited stateq1]. Additionally, whenthe standard
modelis embeddedn larger symmetrygroups,exotic fermionsare predicted[2]. We searchfor singly produced
excited andexotic muonswherethe u* decaysin the uy channelresultingin a uuy final statesignatureThe uuy

signalis fully-reconstructiblewith low backgroundexpectation.

EXCITED AND EXOTIC MUON MODELS

We considertwo modelsfor excited and exotic muon production:a contactinteraction(Cl) model and a gauge
mediated GM) model.In the Cl model,excited muonproductionis describedy a four-fermionLagrangearof quarks
to excitedandSM muons[1]. The Cl crosssectiongdependon the u* massM,,. andcompositenesscaleA. TheCl
processs modeledoy PY THIA [3]. Theproductionof u* in theGM modelis describedy its couplingto gaugebosons
[4]. TheGM crosssectiondependnM, . andf /A, wheref is aphenomenologicalouplingconstantThe programs
LANHEP [5] and coMPHEP [6] areusedto calculateleadingorderGM crosssectionsandgenerateGM events.For
bothmodelsthe u* decaysareprescribedy the GM Lagrangeai7].

DATASET AND SIGNAL SELECTION

We use371 pb~1 of datacollectedwith the high p; muontrigger at CDF from February2002 through September
2004.We searctfor eventsconsistingof two muonsanda photon.Theisolatedmuonsmusthave p; > 20 GeV/c and
belocatedin the centralportionof the detector(|n| < 1), with atleastonedetectedn the muonchamberMuonsare
identifiedby their minimum-ionizingparticlepropertiesTheisolatedphotonmusthave E; > 25 GeV, canbelocated
in the centralor forwardregion, andis identifiedby its electromagnetishowver propertiesin addition,we vetoevents
with 81 < My, < 101 GeV/c?, to remove eventsproducedy initial-stateradiation(ISR) p+ p — Z + Y.

TOTAL SIGNAL ACCEPTANCE

The total signal acceptancés measurediusing the GEANT[8]-basedCDF detectorsimulation. The CI total signal
acceptancéncreasedrom 13%atM,. = 100GeV/c? to anasymptoticvalueof 21%for M - > 400 GeVI/c?. For the
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FIGURE 1. Backgroundoredictionsanddataobserationsfor M, (a) andM_,,y (b).
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FIGURE 2. Backgroundpredictionsanddataobserationsfor photonE; .
GM model thetotal signalacceptancencreasedrom 12%atM, . = 100GeV/c? to 23%for M. > 300GeV/c?.

BACKGROUND ESTIMATES AND DATA OBSERVATIONS

The ppy signaturecan be producedby several standardmodel and detectorsources:(1) Z/y*(— uu) +vy; (2)
Z/y* (= 11) +V; (3)Z(— up) + jet, whereajetis misreconstructedsaphoton;(4) t+t — uvuvbb, whereafermion
radiatesa hig-E; photon;(5) W(— ev) + Z(— pu) andZ(— ee) + Z(— pp), whereanelectronis misidentifiedasa
photon.The primarybackgroundZ/y*(— pu) + y is modeledusingthe zGAMMA program[9]. TheZ(— upu) + jet
is estimatedusingdata.The total backgroundredictionis 8.3+ 0.9 events(16.6 + 1.8 uy combinations)In our ISR
Z+ y controlregion,81 < My, < 101GeV/c? andEY < 50GeV, we predict7.4%;Z andobsere5 events.

In the signal region, we obsene 17 eventswith a backgroundpredictionof 8.3 £ 0.9 events. The background
predictionand dataare shavn as a function of M, in Figure 1(a). Several studieswere doneto understandhe
obsened excess.The Z — uuy backgroundwherethe y is producedvia final-stateradiation (FSR), is definedby
81< Myuy < 101 GeVI/c2. In this region, we obsene 11 eventswith a predictionof 5.5+ 0.5 events,asshown in
Figure 1(b). As a check,we lower the E; cut to 15 GeV and obsere 43 events,with a predictionof 38.5+ 4.0
events,asshovn in Figure2. Thesestudiesndicatethatthe excessatlow masss consistentvith anupwardstatistical
fluctuation,primarily in Z — puy FSR.Thereis no excessat high massto indicatenew physicalprocesses.

M, LIMITSAND EXCLUSION REGIONS

A Bayesiamapproaclis usedto obtainthe upperlimits on the experimentakrosssectionat the 95% confidencdevel
(C.L). For M. = A (M. = A/f) in the CI (GM) model, masseselow 853 GeVic* (221 GeVic?) are excluded,
asshawn in Figure 3. Becausdhe GM exotic muoncrosssectiondependn both M, and f /A, we plot the two-
dimensionalf /A — M, exclusionregionin Figure4(a). The excitedmuonCI modelis valid for Mu*//\ < 1; weplot
the Cl exclusionregionin the M“* /N — M“* planein 4(b).
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FIGURE 3. Masslimits for My =A (Mu* =A/f) in theCI (GM) model.
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FIGURE 4. Exclusionsregionsfor the GM (a) andCl (b) models.Also shavn in (a) arethe regionsexcludedby the OPAL and
DELPHI experimentsor the GM model[10].

CONCLUSION

We have presentedh searchfor excited and exotic muonsin the uy channel.No evidenceof a u* signalis found.
Limits onthe excitedmuonmassareestablishedbasen a contactinteractionanda gauge-mediatechodel,thelatter
of which arethefirst limits ata hadroncollider.
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